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Maternal anxiety during pregnancy can negatively affect fetal neurodevelopment, predis-
posing	the	offspring	to	a	higher	risk	of	behavioral	and	emotional	problems	later	in	life.	The	
current study investigates the association between maternal anxiety during pregnancy 
and	child	affective	picture	processing	using	event-	related	brain	potentials	(ERPs).	Mothers	
reported anxiety during the second trimester using the anxiety subscale of the Symptom 
Checklist	(SCL-	90).	At	age	4	years,	child	affective	picture	processing	(N	=	86)	was	meas-
ured by recording ERPs during viewing of neutral, pleasant, and unpleasant pictures se-




association between maternal anxiety during pregnancy and LPP amplitudes for neutral 
pictures	in	the	middle	and	late	time	window	at	anterior	locations	(all	p	<	.05).	These	as-
sociations remained significant after adjusting for maternal postnatal anxiety and gesta-
tional age at birth and after FDR correction for multiple comparisons. Our study provides 
neurophysiological evidence that children prenatally exposed to higher maternal anxiety 
devote more attentional resources to neutral pictures, but not to unpleasant pictures. 
Possibly, these children show enhanced vigilance for threat when viewing neutral pic-
tures.	Although	useful	in	dangerous	environments,	this	enhanced	vigilance	may	predis-




•	 The	current	study	 investigated	 the	association	between	maternal	
anxiety during pregnancy and child affective picture processing 
using	event-related	brain	potentials	(ERPs).
• Child affective picture processing was measured by recording ERPs 
during viewing of neutral, pleasant, and unpleasant pictures.
• Positive associations were found between maternal anxiety during 
pregnancy	and	the	late	positive	potential	(LPP)	amplitudes	for	neu-
tral pictures, but not for unpleasant pictures.
•	 The	associations	in	the	late	LPP	time	window	remained	significant	
after adjusting for maternal postnatal anxiety and gestational age at 
birth and after FDR correction for multiple comparisons.
• Possibly,	 children	prenatally	exposed	 to	higher	 levels	of	maternal	
anxiety show enhanced vigilance for threat when viewing neutral 
pictures.
1  | INTRODUCTION
Accumulating	 evidence	 shows	 that	 children	prenatally	 exposed	 to	
maternal	anxiety	(PREMA)	have	a	higher	risk	of	developing	behav-
ioral	 and	 emotional	 problems	 later	 in	 life	 (Bock,	 Rether,	 Gröger,	
Xie,	 &	 Braun,	 2014;	 Bolten	 et	al.,	 2013;	 Van	 den	 Bergh,	 2011).	
Experimental animal studies and natural experiments in humans sug-
gest that prenatal exposure to maternal anxiety can elicit modulation 
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are not fully understood, it has frequently been proposed that 
maternal anxiety leads to increased production of maternal stress 
hormones	(e.g.,	cortisol,	noradrenaline)	and	down-	regulation	of	the	
placental 11β-	HSD2	 enzyme	 that	 metabolizes	 maternal	 cortisol	
into	inactive	cortisone	(O’Donnell	et	al.,	2012;	Rakers	et	al.,	2015).	
This	may	 result	 in	 increased	 levels	 of	 cortisol	 in	 the	 fetal	 circula-
tion, which together with other processes such as inflammation 
(Christian,	 2014)	 and	 neuro-	inflammation	 (Hanamsagar	 &	 Bilbo,	
2016;	 Labouesse,	 Langhans,	 &	Meyer,	 2015)	may	 elicit	 long-	term	
changes in structure and function of the developing brain via epi-
genetic	pathways	 (Bock	et	al.,	2015;	Monk,	Spicer,	&	Champagne,	
2012;	Van	den	Bergh,	2011).
In	 this	way,	 cues	 in	 the	 intrauterine	 environment	 (e.g.,	 elevated	
cortisol	 levels	 or	 pro-	inflammatory	 cytokines)	may	 guide	 adaptation	
of the offspring phenotype to the expected postnatal environment 
in	 order	 to	 increase	 subsequent	 chances	of	 survival	 (“developmental 
plasticity”)	 (Del	Giudice,	2014;	Godfrey,	Lillycrop,	Burdge,	Gluckman,	
&	Hanson,	2007).	However,	a	“mismatch”	with	the	postnatal	environ-
ment can occur when the postnatal environmental conditions turn out 
not to resemble the prenatally received cues or when the postnatal 
environment	changes	quickly.	As	a	consequence	a	maladaptive	phe-
notype can predispose the child for later onset of behavioral and emo-
tional	 problems	 (“mismatch hypothesis”)	 (Frankenhuis	&	Del	Giudice,	
2012;	Gluckman	&	Hanson,	2006).
The	 fetal	 brain	may	 be	 particularly	 sensitive	 to	 environmental	
influences,	 since	 it	 develops	 very	 rapidly	 during	 pregnancy	 (Bock	
et	al.,	 2015;	 Fox,	 Levitt,	 &	Nelson,	 2010;	 Knudsen,	 2004).	Animal	
research has clearly demonstrated that prenatal exposure to mater-
nal	stress	affects	the	offspring’s	brain,	with	most	prominent	effects	
shown	 in	 the	 limbic	 system	 (e.g.,	 hippocampus,	 amygdala,	 corpus	
callosum,	 and	 hypothalamus)	 and	 prefrontal	 cortex	 (for	 a	 review,	
see	Bowers	&	Yehuda,	2016;	Charil,	Laplante,	Vaillancourt,	&	King,	
2010).	 Recently,	 structural	 alterations	 in	 the	 brain	 of	 human	 off-
spring prenatally exposed to higher levels of maternal cortisol and/
or	anxiety	have	also	been	examined	 (Buss,	Davis,	Muftuler,	Head,	
&	 Sandman,	 2010;	 Buss	 et	al.,	 2012).	 In	 line	with	 animal	 studies,	
these studies showed that maternal anxiety during pregnancy was 
associated with alterations in limbic structures related to emotional 
reactions	and	stress	responsivity	(e.g.,	amygdala,	hippocampus,	and	
rostral	anterior	cingulate	cortex).	Recently,	diffusion	tensor	imaging	




In the context of developmental plasticity, these alterations in 
brain structure can be seen as adaptations to prepare the offspring 
for	the	predicted	threatening	environment	(Del	Giudice,	2014;	Glover,	
2011;	Gluckman	&	Hanson,	2007).	Changes	in	the	function	and	struc-
ture of the limbic system may, for instance, lead to increased attention 
allocation to threatening/fearful stimuli in order to facilitate faster 
fight or flight response of the child, increasing its survival in dangerous 
environments. Studies demonstrating increased behavioral and phys-










pregnancy	was	 associated	with	 altered	 infants’	 brain	 responses	 to	
fearful vocalizations, irrespective of the emotion in the visual prime 
(fearful	or	happy).	 In	 line	with	the	theory	of	 increased	allocation	to	
threatening/fearful	stimuli,	these	results	suggest	that	PREMA	infants	





not exposed to higher maternal anxiety. Possibly, visual effects may 




is also present in early childhood. In the current study, we therefore 





potential	 (ERP)	 component	 to	 study	 affective	 processing	 of	 visual	
stimuli	(Moran,	Jendrusina,	&	Moser,	2013).	The	LPP	is	a	slow	positive	
waveform	 that	 develops	 approximately	 300–400	 ms	 post-	stimulus	





tude differences between unpleasant and neutral stimuli were associ-
ated	with	greater	observed	fear	in	5–7-	year-	old	children.	Although	a	
study	by	Hua	et	al.	(2014)	showed	that	there	is	evidence	that	the	LPP	
is detectable in children as young as 4 years of age, the results were 
based	on	a	relatively	small	sample	(N	=	20)	with	children	that	were	5	
years	on	average	(i.e.,	61	months	[range:	51–71	months]).	This	makes	
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(i.e.,	 pleasant	 and	unpleasant)	 pictures,	 and	 (2)	 to	examine	 the	as-
sociation between prenatal exposure to maternal anxiety and child 
affective	picture	processing	using	event-	related	brain	potentials	 in	
4-	year-	olds.	 Based	 on	 earlier	 work	 by	 Hajcak	 and	 Dennis	 (2009),	
Solomon	et	al.	(2012),	and	Hua	et	al.	(2014)	and	previous	PREMA	re-
search	(Braeken	et	al.,	2013;	de	Weerth	et	al.,	2013;	Henrichs	et	al.,	
2009;	 Monk	 et	al.,	 2004),	 we	 hypothesized	 that:	 (1)	 4-	year-	olds	
show a larger LPP amplitude in response to pleasant and unpleasant 
pictures	compared	to	neutral	pictures,	and	(2)	prenatal	exposure	to	
higher levels of maternal anxiety would be associated with higher 
LPP amplitude differences between unpleasant pictures and neu-
tral pictures, while no such effect would be observed for pleasant 
pictures.
2  | METHODS AND MATERIALS
2.1 | Participants and study design
The	present	study	was	a	follow-	up	study	of	the	PELS	study—a	prospec-
tive	 cohort	 study	 conducted	at	Tilburg	University,	 the	Netherlands,	
examining the effect of maternal stress during pregnancy on child 
development, following pregnant women and their children from the 
first	 trimester	 of	 pregnancy	 onward.	 All	 participating	 mothers	 and	
partners	provided	informed	consent.	The	study	was	approved	by	the	












due	 to	 cortical	 visual	 impairment	 (n	 =	 1).	No	 significant	 differences	
were found between children that were included in the study and chil-
dren	excluded	from	the	study	 (e.g.,	drop-	out,	no	reliable/useful	EEG	
data)	 regarding	maternal	 anxiety	when	 the	child	was	4	years	of	 age	
(Included:	M = 13.26, SD = 4.66; Excluded: M	=	12.67,	SD	=	2.39,	t 
=	−.952,	p	 =	 .343)	 and	 gestational	 age	 at	 birth	 (Included:	M	 =	 39.4	
weeks, SD = 1.42; Excluded: M	=	39.66	weeks,	SD	=	1.72,	t	=	.078,	p 
=	.938).	However,	we	did	find	that	mothers	of	excluded	children	re-
ported	higher	anxiety	scores	during	pregnancy	(M = 14.14, SD	=	4.83)	
than	mothers	of	children	included	in	the	study	(M = 12.60, SD = 2.83, 




shows descriptives of the characteristics of mothers and children in-




at age 4 years using the Dutch version of the anxiety subscale of the 
Symptom	Checklist	(SCL-	90;	Arrindell	&	Ettema,	2003)—a	self-	report	
measure	 of	 anxiety	 symptoms,	 consisting	 of	 10	 items	with	 5-	point	
Likert	 scales	 ranging	 from	0	 (not at all)	 to	4	 (extremely).	Higher	sum	
scores	 indicate	 higher	 anxiety.	 The	 scale	 has	 good	 convergent	 and	
divergent	validity	and	has	good	internal	consistency	(α = .88 for the 
anxiety	subscale;	Arrindell	&	Ettema,	2003).	In	the	current	study,	the	




ing ERPs during viewing of affective pictures. Stimulus selection and 
procedure	were	based	on	the	study	of	Solomon	et	al.	 (2012)	with	a	
few alterations due to the younger age of the current sample.1	The	
stimuli	consisted	of	90	developmentally	appropriate	pictures	all	taken	
from	the	International	Affective	Picture	System	(IAPS;	Lang,	Bradley,	
&	Cuthbert,	2008):	30	neutral	pictures2 depicting household objects 
or nature scenes, 30 pleasant pictures3 depicting candy and happy 
scenes, and 30 unpleasant pictures4 depicting accidents and scary 
animals.
The	 affective	 processing	 task	 was	 administered	 using	 E-	Prime	








86 48.0 ± 0.8
Gender	
	Girl 44 51.2
 Boy 42 48.8
Mothers (N = 85) N % M ± SD
Age	(years) 86  31.9	±	3.7
SCL-	90	
Anxiety—Prenatal




Notes.	SCL-	90	=	Symptom	Checklist;	a N = 4 mothers included in the study 
did not complete the postnatal questionnaire; b In a Dutch population sam-
ple, scores between 12 and 14 are considered “mean anxiety”, scores be-
tween 15 and 22 are considered “above average and high anxiety” and 
scores	of	22	and	higher	as	“extremely	high	anxiety”	 (Arrindell	&	Ettema,	
2003).
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resolution)	in	color	on	a	19	inch	(48.26	cm)	CRT	monitor.	The	assess-
ment	 of	 this	 task	was	 embedded	 in	 a	 2-	hour	 follow-	up	 assessment	
at	age	4	years	(including	a	break	and	electrode	placement)	that	took	
place	in	a	dimly	lit	and	sound-	attenuated	room	in	the	Developmental	
Laboratory	 at	 Tilburg	 University,	 the	 Netherlands.	 Children	 were	
seated	approximately	75	cm	from	the	computer	screen	and	were	moti-
vated to participate by being given a sticker after each completed mea-
sure and a small toy of choice after the experiment was over. During 











BioSemi	 reference	 (CMS-	DRL)	 was	 used	 for	 online	 recording	 (see	
www.biosemi.com/faq/cms&drl.htm	 for	 details)	 and	 two	 additional	





was recorded from one electrode placed ±1 cm above and one below 
the	left	eye.	BrainVision	Analyzer	2	(Brain	Products,	Munich,	Germany)	
and	MATLAB	(version	R2012b,	The	Mathworks,	Inc.)	based	EEGLAB	
(version	 13.0.1;	 Delorme	&	Makeig,	 2004)	 software	 packages	were	
used	 to	 analyze	 the	 EEG	 data.	 Data	were	 processed	 in	 accordance	
with	Solomon	et	al.	 (2012)	except	 for	artifact	 rejection	criteria—due	
to our younger sample we used more liberal settings for artifact re-
jection.5	 In	addition,	due	to	extensive	artifacts	 in	our	EOG	data	 (i.e.,	
many	4-	year-	olds	 touched	 the	EOG	electrodes	or	even	pulled	 them	
off	during	recording),	the	EEG	signal	was	corrected	for	blinks	and	eye	
movements	 using	 independent	 component	 analysis	 (ICA)	 as	 imple-
mented	in	EEGLAB.	The	data	were	filtered	off-	line	with	a	zero-	phase	
Butterworth	bandpass	0.1–30	Hz	 (slope	24	dB)	 filter.	Subsequently,	




per 100 ms were excluded from analysis. Children with less than 20 
artifact	free	trials	were	excluded	from	analysis.	The	average	number	of	
remaining trials included in the analyses for the three stimulus types 
were as follows: neutral: 25; pleasant: 26; unpleasant: 25.
ERPs were constructed by averaging the signal for each stimulus 
type	(neutral,	pleasant,	unpleasant)	and	baseline-	corrected	to	the	av-
erage	voltage	in	the	400	ms	pre-	stimulus	period.	Subsequently,	mean	







With regard to the first aim we examined whether we could confirm and 










fects were adjusted for multiple testing using Bonferroni correction.
To	examine	our	second	aim,	that	is,	the	association	of	maternal	anxi-
ety	during	pregnancy	with	child	LPP	amplitude	differences	(unpleasant-	






pictures proved to be affected by our predictor, no difference scores 
would be computed. In this case, we planned to compute correlations 
between the LPP amplitudes and our predictors separately for the two 
types	of	affective	stimuli	(i.e.,	neutral	and	unpleasant).	This	approach	
was taken because a neutral stimulus may not necessarily be perceived 
as	“neutral”	(i.e.,	Schneider,	Veenstra,	Van	Harreveld,	Schwarz,	&	Koole,	
2016)	and	if	ERPs	to	a	baseline	stimulus	differ	between	two	groups	or	




and affective stimuli processing, we conducted multiple regression 
analyses that were controlled for gestational age and maternal anxiety 
at	age	4	years.	Gestational	age	at	birth	was	also	entered	as	a	covari-
ate, because previous studies have shown effects of gestational age at 
birth	on	cognitive	functioning	(Espel,	Glynn,	Sandman,	&	Davis,	2014;	
van	den	Heuvel,	Otte	et	al.,	2015)	and	brain	development	(Davis	et	al.,	
2011)	 in	 young	 children.	 Moreover,	 previous	 research	 has	 demon-
strated that maternal postnatal anxiety is an important confounder in 
the association of maternal anxiety during pregnancy with child neu-
rodevelopmental	outcome	(van	Batenburg-	Eddes	et	al.,	2013).	In	ad-
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reported together with the partial η2 effect size values; α = .05.
3  | RESULTS
3.1 | Affective processing in 4- year- olds
Our	first	aim	was	to	investigate	whether	4-	year-	olds	are	able	to	differ-
entiate	between	neutral	and	affective	 (i.e.,	pleasant	and	unpleasant)	
pictures, which would be reflected in larger LPP amplitudes for un-
pleasant and pleasant compared to neutral pictures. Figure 1 presents 
the	stimulus-	locked	ERPs	 in	response	to	the	three	types	of	pictures	
at	 posterior,	 central	 and	 anterior	 recording	 sites.	Note	 that	 for	 the	
anterior	and	central	regions	the	LPP	is	mirrored,	resulting	in	negative-	
going waveforms for the LPP. Higher LPP amplitudes for these areas 
are defined as more negative values. Results are reported separately 
for posterior and anterior/central regions.
3.1.1 | Posterior region
For the posterior electrodes sites, the LPP varied by window, F(2,	
168)	=	95.153,	p = .001 η2 = .531, ε = .662, and picture type, F(2,	
168)	=	23.581,	p = .001 η2	=	.219.	Interactions	were	found	between	
window and picture type, F(4,	336)	=	6.868,	p = .001 η2	=	.076,	ε = 
.738,	and	between	window	and	gender,	F(2,	168)	=	3.861,	p = .040, 
η2 = .044, ε	=	 .662.	Post-	hoc	 tests	 for	 the	main	effect	of	window	
showed	 that	 the	 LPP	 amplitude	was	 smaller	 (i.e.,	 less	 positive)	 in	
the late window than in the middle and early windows and smaller 
in the middle than in the early window, early>middle>late, all p < 
.001,	 correction	 for	 multiple	 testing.	 Post-	hoc	 tests	 for	 the	main	
effect of picture type revealed that both emotional pictures elicited 
higher LPP amplitudes than the neutral pictures, both p < .001, cor-
rection	 for	 multiple	 testing.	 No	 significant	 difference	 in	 LPP	 am-
plitude was found between the pleasant and unpleasant pictures. 
Post-	hoc	analysis	for	the	interaction	between	window	and	picture	
type showed that in the early window the LPP elicited by pleas-
ant	pictures	was	 significantly	 larger	 than	 for	neutral	 pictures	 (p = 
.041),	while	this	was	not	the	case	for	the	middle	and	late	windows.	
However, after correction for multiple testing the difference was no 
longer	significant.	Post-	hoc	tests	for	the	interaction	effect	between	
window and gender did not reveal any gender differences for the 
LPP	 amplitude	 as	 a	 function	 of	 time	window.	 This	might	 indicate	
that	the	 interaction	effect	 is	merely	a	false	positive	 (Type	I	error).	
No	significant	main	effect	of	gender	was	found.
3.1.2 | Central and anterior region
For the central and anterior electrode sites, the LPP amplitude varied 
by window, central: F(2,	168)	=	635.601,	p = .001 η2 = .882, ε	=	.727;	
F IGURE  1 Group-	average	(N	=	86)	LPP	amplitudes	elicited	by	pleasant	(green	line),	unpleasant	(red	line)	and	neutral	(blue	line)	pictures
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anterior: F(2,	168)	=	408.663,	p = .001 η2	=	.829,	ε	=	.717.	We	also	found	
a significant interaction between window and picture type for both cen-
tral and anterior electrode sites, central: F(4,	336)	=	5.747,	p = .001, η2 = 
.064, ε	=	.737;	anterior:	F(4,	336)	=	5.352,	p = .001, η2 = .060, ε = .828. 
Post-	hoc	tests	for	the	main	effect	of	window	for	both	regions	showed	
that	the	LPP	amplitude	was	smaller	(i.e.,	less	negative)	in	the	late	window	
than in the middle and early windows and smaller in the middle than in 
the early window, early>middle>late, all p < .001, correction for multiple 
testing.	Post-	hoc	tests	for	the	interaction	between	window	and	picture	
type for the central regions showed that in the middle window the LPP 
amplitude elicited by pleasant pictures was significantly larger than for 
neutral	pictures	(p	=	.034).	However,	after	correction	for	multiple	testing	
the	difference	was	no	longer	significant.	Post-	hoc	tests	for	the	interac-
tion between window and picture type for the anterior region showed 
that in the early window the LPP elicited by pleasant pictures was larger 
than for unpleasant pictures on a trend level, p	=	.071.	For	the	anterior	
region the interaction between window and gender also reached signifi-
cance, F(2,	168)	=	5.308,	p = .013, η2	=	.059,	ε	=	.717.	Post-	hoc	analysis	
for the interaction effect of window and gender revealed that in the 
early window girls showed a higher LPP amplitude to pleasant pictures 
than to neutral, p = .024, and unpleasant, p	=	.011,	pictures.	After	cor-
rection for multiple testing only the higher LPP amplitude for girls to 
pleasant	versus	unpleasant	pictures	remained	significant	(p	=	.033).	No	
significant main effects of picture type and gender were found.
3.2 | Associations between maternal anxiety during 
pregnancy and child LPP amplitudes
The	 second	 research	 aim	was	 to	 examine	 the	 association	 between	
prenatal exposure to maternal anxiety and child affective picture pro-
cessing. Since we did observe significant correlations between the 
LPP amplitudes in response to the neutral stimuli and maternal anxiety 
(see	below)	we	conducted	our	main	analysis	with	the	LPP	amplitudes	
separately	 for	 the	 three	 types	 of	 stimuli	 (i.e.,	 neutral,	 negative,	 and	
pleasant),	 instead	of	using	difference	scores.	To	provide	a	complete	
picture of the results of our study, we also conducted analyses using 
difference	 scores	 as	 outcomes	 (see	 footnotes).	 The	 correlations	 of	
maternal anxiety during pregnancy and child LPP amplitudes for the 





Maternal anxiety during pregnancy was not associated with child LPP 
amplitudes to neutral, pleasant or unpleasant pictures in the posterior 
region	(all	p	>	.05).6
3.2.2 | Central region
Maternal anxiety during pregnancy was not associated with child LPP 
amplitudes in response to unpleasant pictures in the central region, 
Early: r	=	−.092,	p	=	.399;	Middle:	r	=	−.086,	p = .431; Late: r	=	−.002,	
p	 =	 .984,	 or	 pleasant	 pictures,	 Early:	 r	 =	 −.206,	p	 =	 .057;	Middle:	 r 
=	−.193,	p	=	 .075;	Late:	 r	=	−.062,	p = .568.7 We found an inverse 
association between maternal anxiety during pregnancy and the LPP 
elicited by the neutral pictures in the middle and late time window, 
Middle: r	=	−.242,	p = .025; Late: r	=	−.272,	p = .011, indicating that 
higher maternal anxiety during pregnancy was associated with higher 
LPP	amplitudes	(i.e.,	more	negative)	to	neutral	stimuli.	The	association	
remained significant after controlling for gestational age and maternal 








were considered as “highly anxious” by this criterion.
3.2.3 | Anterior region
Maternal anxiety during pregnancy was not associated with child LPP 
amplitudes in response to unpleasant pictures in the anterior region, 
Picture type Window
Prenatal maternal anxiety
Posterior region Central region Anterior region
Pleasant Early −.076 −.206 −.127
Middle −.023 −.193 −.108
Late .014 −.062 .042
Unpleasant Early −.034 −.092 −.066
Middle .034 −.086 −.117
Late .004 −.002 .040
Neutral Early −.005 −.084 −.064
Middle −.044 −.242*a −.243*a
Late −.103 −.272* −.272*
Notes.	*p < .05; aNo	longer	significant	after	FDR	correction	for	multiple	testing.
TABLE  2 Pearson’s	correlations	
between LPP for posterior, central, and 
anterior region and prenatal maternal 
anxiety
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Early: r	=	−.066,	p = .548; Middle: r	=	−.117,	p = .285; Late: r = .040, p = 
.717,	or	pleasant	pictures,	Early:	r	=	−.109,	p = .318; Middle: r	=	−.108,	p 
= .323; Late: r	=	−.042,	p	=	.702.8 Similar to the results in the central re-
gion, we observed inverse associations between maternal anxiety during 
pregnancy and the LPP amplitude elicited by the neutral pictures in the 




controlling for gestational and maternal anxiety at age 4 years. However, 
similar to the central region, the association in the middle time window 
became marginally significant while the one in the late window remained 
significant	(middle:	p = .056; late: p	=	.049)	after	FDR	correction.	A	graph-
ical representation of the correlations is presented in Figure 2b.
4  | DISCUSSION
The	 current	 study	 investigated	 affective	 picture	 processing	 in	
4-	year-	olds	 and	 the	 association	 between	 maternal	 anxiety	 during	
pregnancy	and	affective	picture	processing	using	event-	related	brain	
potentials	 (ERPs)	 during	 exposure	 to	 visual	 stimuli.	 Remarkably,	 in	
contrast to what we expected with regard to our second research aim, 
maternal anxiety during pregnancy was not associated with LPP am-
plitudes to unpleasant pictures. We did find significant associations 
between maternal anxiety and LPP amplitudes in response to the 
neutral pictures, however. Specifically, we found that higher maternal 
anxiety during pregnancy was associated with higher LPP amplitudes 
to neutral pictures in the middle and late time windows at the central 
and anterior electrode locations. Importantly, the results remained 
significant after controlling for gestational age at birth and maternal 
anxiety when the child was 4 years old. However, only the late effects 
of the late LPP window survived FDR correction for multiple testing. 
Taken	together,	our	study	provides	neurophysiological	evidence	that	
children prenatally exposed to maternal anxiety may devote more at-
tentional resources to neutral pictures.
In addition, results with regard to our first aim showed that 
4-	year-	olds	responded	with	higher	LPP	amplitudes	to	affective	(pleas-
ant	 and	 unpleasant)	 pictures	 compared	 to	 neutral	 stimuli	 at	 poste-





and b are for illustration purposes, only
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of detecting differences between neutral and affective pictures. Our 
results	 confirmed	 the	 results	 of	 previous	 studies	 (Hajcak	&	Dennis,	
2009;	Hua	et	al.,	2014;	Solomon	et	al.,	2012)	and	extended	these	by	
showing that children as young as 48 months already show electro-
physiological evidence of the ability to differentiate between neutral 
and affective pictures.
Our findings with regard to our second aim are in line with pre-
vious	studies,	showing	that	PREMA	infants	aged	9	months	display	a	
higher	ERP	 response	 to	neutral	 sounds	 in	 an	oddball	 paradigm	 (van	
den	Heuvel,	Donkers	 et	al.,	 2015)	 and	 reporting	 no	 association	 be-
tween maternal anxiety during pregnancy and infant ERP amplitude 
to	unpleasant	pictures	(fearful	faces)	 in	 infants	 (Otte	et	al.,	2015).	 In	
addition, our results are in line with other studies that report an at-
tention bias to neutral stimuli instead of a bias to negative stimuli. For 
example,	Malak,	Crowley,	Mayes,	and	Rutherford	(2015)	examined	the	
effect of maternal state anxiety on the LPP response to neutral and 
distressed infant faces and found that the degree of LPP amplitude 
elicited by neutral infant faces was positively correlated with maternal 
state anxiety, while there were no associations between anxiety and 
the LPP elicited by distressed infant faces. Moreover, studies have re-




Nevertheless,	 Otte	 et	al.	 (2015)	 also	 reported	 associations	 be-
tween prenatal exposure to higher levels of maternal anxiety in infants 
and	higher	ERP	responses	to	fearful	sounds.	An	explanation	for	the	fact	
that we do not find an association between maternal anxiety during 
pregnancy and LPP for unpleasant pictures might be that the differ-
ences	in	threat	level	of	the	stimuli	used	in	previous	studies	(van	den	
Heuvel,	Donkers	et	al.,	2015;	Otte	et	al.,	2015)	 resulted	 in	different	
outcomes. Previous research on threat processing has demonstrated 
that when threat exceeds a certain threshold, it captures attention 
in	 everyone	 regardless	 of	 anxiety	 level	 of	 the	 participant	 (Mogg	 &	
Bradley,	 1998;	Wilson	 &	MacLeod,	 2003).	 Probably	 the	 unpleasant	
pictures used in the current study and the fearful faces used by Otte 
et	al.	(2015)	exceeded	the	threshold	for	threat	and	therefore	captured	
high attention in all infants/children, while the fearful sounds used in 
Otte	et	al.	(2015)	did	not	exceed	this	threshold	and	hence	were	expe-
rienced as only mildly threatening. However, future studies using mild 
versus high threat stimuli are needed to test this hypothesis.
Taking	previous	findings	in	the	literature	and	our	current	findings	
together, it may be the case that the enhanced reactivity reported 
in	 PREMA	 offspring	 (Braeken	 et	al.,	 2013;	 de	Weerth	 et	al.,	 2013;	
Henrichs	et	al.,	 2009;	Otte	et	al.,	 2015;	Monk	et	al.,	 2004;	Van	den	
Bergh,	1990;	van	den	Heuvel,	Donkers	et	al.,	 2015)	does	not	 result	
in more attention allocation to threatening visual stimuli, as was first 
expected, but instead, may result in more attention allocation to neu-
tral	visual	stimuli.	A	possible	explanation	 for	 this	might	be	 that	chil-
dren prenatally exposed to maternal anxiety may view neutral pictures 
as more threatening because these pictures are more ambiguous 
for	them.	This	could	be	due	to	PREMA	offspring	being	more	vigilant	





hippocampus,	 and	 prefrontal	 cortex	 (Dejean	 et	al.,	 2015;	 Fox,	 Oler,	
Tromp,	Fudge,	&	Kalin,	2015;	Lipka,	Miltner,	&	Straube,	2011;	Whalen,	
1998)	are	also	reported	to	be	affected	by	prenatal	exposure	to	mater-





stress exposure have discussed the existence of adaptive increased 
vigilance in the offspring. In a dangerous environment, the benefits of 
detecting real threat in a seemingly neutral situation may outweigh the 
costs	of	misinterpreting	a	neutral	 situation	as	 threatening.	Although	
potentially beneficial in certain environments, enhanced vigilance may 
ultimately lead to higher risk for developing behavioral and emotional 
disorders later in life, especially when the postnatal environment does 
not	match	the	expected	one	 (Del	Giudice,	2014;	Frankenhuis	&	Del	
Giudice,	2012;	Glover,	2011;	Loman	&	Gunnan,	2010).	 Interestingly,	
previous research has found that vulnerability to anxiety disorders pri-
marily	stems	from	a	lower	threshold	for	appraising	threat	(i.e.,	show-
ing	a	threat	response	to	neutral	and	harmless	stimuli),	rather	than	an	
attention	 bias	 to	 threatening	 stimuli	 (Egeland,	 Zunszain,	&	Pariante,	
2015;	Mogg	 et	al.,	 2000;	Thayer,	Åhs,	 Fredrikson,	 Sollers,	&	Wager,	
2012;	Thayer	&	Friendman,	2002).	Building	on	this,	 it	 is	tempting	to	
speculate that evaluating relatively innocuous stimuli as having higher 
subjective	threat	may	place	PREMA	children	at	a	higher	risk	for	devel-
oping	 internalizing	problems	 later	 in	 life,	 including	 anxiety	 (e.g.,	Van	
den	Bergh	&	Marcoen,	2004)	and	depressive	symptoms	(e.g.,	Van	den	
Bergh,	Van	Calster,	Smits,	Van	Huffel,	&	Lagae,	2007).	However,	more	
research needs to be conducted to validate this theory and to rule out 
the possibility that our findings are false positives.
4.1 | Strengths and limitations
The	 choice	 of	 our	 stimuli,	 pictures	 of	 scenes,	 constitutes	 both	
strengths	and	limitations	for	the	current	study.	An	important	strength	
is the inclusion of neutral pictures, as previous work focusing on neu-
rophysiological	markers	of	 affective	processing	 in	PREMA	offspring	
only	included	fearful	and	happy	stimuli	(Otte	et	al.,	2015).	The	results	
of our study emphasize the importance of the inclusion of neutral 
stimuli as target stimuli in future research and emphasize the need for 
discretion when using neutral stimuli as a baseline condition in devel-
opmental research. In line with the latter, other research groups have 
recently argued that the use of neutral stimuli as a baseline condition 
should	be	discouraged	 in	developmental	research	 (Marusak,	Zundel,	
Brown,	 Rabinak,	 &	 Thomason,	 2017).	 A	 possible	 drawback	 of	 the	
choice for unpleasant scenes as “fearful stimuli” might be the diver-
sity of the scenes depicted; some show scary animals while others 
show sad, angry or scared children. Some of the pictures may not elicit 
a bias to threatening stimuli. Furthermore, the design of the current 
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study does not completely allow ruling out whether avoidance of 
threat instead of enhanced vigilance to threat may be an alternative 
explanation for our results. Indeed, avoidance of threat could also be 
related	to	higher	LPP	amplitude	for	neutral	pictures.	Nevertheless,	a	
recent study examined attentional biases in children with and with-
out	anxiety	using	eye-	tracking	and	found	that	cognitive	biases	in	chil-
dren	were	related	to	hypervigilance	rather	than	avoidance	(Seefeldt,	
Krämer,	 Tuschen-	Caffier,	 &	 Heinrichs,	 2014).	 Future	 studies	 could	
include	eye-	tracking	to	examine	whether	children	prenatally	exposed	
to higher levels of maternal anxiety either spend more time looking at 
neutral	pictures	 (enhanced	vigilance)	or	 less	time	 (avoidance)	than	a	
control group of children. Lastly, although previous studies have vali-
dated the emotional and neutral pictures used in this study in terms 
of	valence	and	arousal	levels	(Hajcak	&	Dennis,	2009),	the	lack	of	in-




related to higher LPP amplitudes for neutral pictures.
In	 addition,	 we	 cannot	 completely	 rule	 out	 that	 selective	 non-	
response influenced our findings since data were more complete in 
mothers	with	lower	levels	of	prenatal	anxiety.	This	can	lead	to	an	un-
derestimation of the association of maternal anxiety during pregnancy 
with child LPP amplitudes for neutral pictures but not to spurious as-
sociations.	Nevertheless,	 selective	 non-	response	may	 have	 affected	
our	ability	to	detect	associations	between	PREMA	and	ERP	responses	
to	non-	neutral	stimuli.
It is possible that shared genetic factors may partly explain the asso-
ciation between maternal anxiety during pregnancy and child neurophys-
iological responses to neutral pictures. Yet, human studies evaluating the 
consequences of stressful life events on development, such as natural 
disasters, suggest that the effects of prenatal stress cannot be explained 
by	genetic	predispositions	alone	(Laplante	et	al.,	2004).	Although	we	did	
control	for	postnatal	maternal	anxiety,	other	postnatal	factors	(e.g.,	 im-
paired	 parent–child	 interactions)	may	 also	 account	 for	 the	 association	
between maternal anxiety during pregnancy and child outcome. Future 
randomized	controlled	trials	testing	the	efficacy	of	stress-	reduction	inter-
ventions	on	maternal	well-	being	and	child	outcome	are	needed	to	show	
whether maternal anxiety during pregnancy indeed exerts intrauterine 
effects on offspring development independent of postnatal environmen-
tal factors and genetic influences.
4.2 | Conclusion
Our study provides neurophysiological evidence that suggests that chil-
dren prenatally exposed to higher maternal anxiety may devote more 
attentional resources to neutral pictures. Interestingly, the same result 
was	not	found	for	unpleasant	pictures,	as	was	initially	expected.	These	
results	 provide	 new	 insights	 into	 the	 functional	 alterations	 in	PREMA	
children. Moreover, they emphasize the need to include neutral stimuli 
as target stimuli, in addition to negative/fearful stimuli, in the study of 
the	effects	of	prenatal	programming	on	offspring	(neuro)behavioral	out-
come and discourage the use of “neutral” stimuli as a baseline condition 
in	developmental	research.	Our	results	may	 indicate	that	PREMA	chil-
dren display enhanced vigilance, possibly resulting in a lower threshold 
for appraising threat in seemingly neutral stimuli. Since effect sizes of our 
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were	 made:	we	 replaced	 picture	 #5970	 (a	 tornado)	with	 picture	 #9600	








 3	The	 IAPS	 numbers	 for	 pleasant	 pictures	were	 1460,	 1463,	 1601,	 1610,	
1710,	 1750,	 1811,	 1920,	 1999,	 2070,	 2091,	 2165,	 2224,	 2311,	 2340,	
2345,	 2791,	 4603,	 5831,	 7325,	 7330,	 7400,	 7502,	 8031,	 8330,	 8380,	
8461,	8490,	8496,	and	8620.
 4	The	IAPS	numbers	for	unpleasant	pictures	were	1050,	1120,	1201,	1300,	
1321,	 1930,	 2120,	 2130,	 2688,	 2780,	 2810,	 2900,	 3022,	 3230,	 3280,	
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Early:	r	=	−.156,	p = .151; Middle: r	=	.069,	p	=	.527;	Late:	r = 0.41, p	=	.705;	
pleasant-	neutral:	Early:	r	=	−.143,	p	=	.190;	Middle:	r = .048, p = .660; Late: 
r = .116, p	=	.286).
 7	When	analyses	were	computed	with	difference	scores	(unpleasant-	neutral	
and	pleasant-	neutral),	results	remained	non-	significant	(unpleasant-	neutral:	
Early: r = .048, p = .663; Middle: r = .020, p	=	.857;	Late:	r	=	−.074,	p = .501; 




Early: r = .033, p	=	.762;	Middle:	r	=	.047,	p = .668; Late: r	=	−.099,	p = .363; 
pleasant-	neutral:	Early:	r = .061, p	=	.579;	Middle:	r	=	.039,	p	=	.724;	Late:	r 
=	−.105,	p	=	.335).
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